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(57) Abstract: Compounds represented 
by the following general formula (1) 
have a potent activity of selectively 
inhibiting HDAC1,4. Thus, these 
compounds are useful as drugs for 
preventing or treating diseases caused 
byHDACl.4. (1) 
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^^m}t\i:!^hy!SlT±^^V'im^ (Histone deacetylase:HDAC) Pl^jSfiliSJ: 

Mm^^o^ n -7^>^5t t Jt^oismrts t h yr^'^Mmm (hat) 

Ki:^\i:^hy(DT±f'Mtt, ii:^hyf^T±f-Mtmm (HDAC) J^iSIJiT 
•fe^/Hb»cJ:o"C^ti$tbTV>5o HDAC ©plW^Jd5:6SA/}NHia©5)-^b^. rsK h 

5 (Marks, P. A. , Richon, V. M. , and Rif kind, R. A. (2000) . Histone deace 
tylase inhibitors: Inducers of differentiation or apoptosis of transform 
ed cells. J. Natl. Cancer Inst. 92, 1210-1216; Yoshida, If., Horinouchi, 
S. , and Beppu, T. (1995) . Trichostatin A and trapoxin: novel chemical pr 
obes for the role of histone acetylation in chromatin structure and func 
tion. Bioessays 17, 423-430: Bernhard, D., L5ffler, M., Hartmann, B. L, 
Yoshida, E , Kof ler, R. , and Csordas, A. (1999) . Interaction between de 
xamethasone and butyrate in apoptosis induction: non-additive in thymocy 
tes and S3mergistic in a T cell-derived leukemia cell line. Cell Death 
Diff. 6, 609-607) o 

niSx i^mx-\tWii^mf^x*mi>^Aym t \.x(Dm^n^^-t\'^< hdac pi 

^^J(Nakajima, H. , Kim, Y. B. , Terano, H. , Yoshida, M., and Horinouchi, 
S. (1998). FRg01228, a potent antitumor antibiotic, is a novel histone d 
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eacetylase inhibitor. Exp. Cell Res. 241, 126-133; Saito, A., Yamashita, 
T. , Mariko, Y., Nosaka, Y. , Tsuchiya, K., Ando, T., Suzuki, T. , Tsuruo, 
T. , and Nakanishi, 0. (1999) . A synthetic inhibitor of histone deacetyl 
ase, MS-27-275, with marked in vivo antitumor activity against human turn 
ors. Proc. Natl. Acad. Sci. USA 96. 4592-4597) ©BI^W5^dSH*^$tb-CV^5 

O 

HDAC#M6fjPl§^Jt LTfthy 3;^^^:^ A (TSA) (Yoshida, 
M., Kijima, M., Akita, M., and Beppu, T. (1990). Potent and specific inh 
ibition of mammalian histone deacetylase both in vivo and in vitro by tr 
ichostatin A. J. Biol. Chem. 265, 17174-17179) „ l^kM^iSLMMk^ 
^&m. fL0«?5i^©5^'^b^^^•r5::i:;^s^bi^TV^5 (Yoshida, M., N 
omura, S. , and Beppu, T. Effects of trichostatins on differentiation of 

murine erythroleukemia cells. Cancer Res, 47: 3688-3691, 1987; Hoshika 
wa, Kijima, M. , Yoshida, M. , and Beppu, T. Expression of differ enti 
ation-related markers in teratocarcinoma cells via histone hyperacetylat 
ion by trichostatin A. Agric. Biol. Chem. 55: 1491-1495, 1991; Minucci, 

S. , Horn, V., Bhattacharyya, N., Russanova, V., Ogryzko, V. V., Gabriel 
e, L. , Howard, B. H. , and Ozato, K. A histone deacetylase inhibitor pot 
entiates retinoid receptor action in embryonal carcinoma cells. Proc. N 
atl. Acad. Sci. USA 94: 11295-11300, 1997; Inokoshi, J., Katagiri, M. , A 
rima, S., Tanaka, H., Hayashi, M., Kim, Y. B., Furumai, R., Yoshida, M., 

Horinouchi, S., and Omura, S. (1999). Neuronal differentiation of Neuro 

2a cells by inhibitors of cell progression, trichostatin A and butyrola 
ctone I. Biochem. Biophys. Res. Commun. 256, 372-376; Wang, J., Sauntha 
rara jah, Y. , Redner, R. L , and Liu, J. M. Inhibitors of histone deacet 
ylase relieve ETQ-mediated repression and induce differentiation of AML 
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1- ETO leukemia cells. Cancer Res. 69: 2766-2769, 1999; Munster, P. N., 
Troso-Sandoval, T. , Rosen, N. , Rifkind, R. , Marks, P. A. , and Richon, V. 

M. The histone deacetylase inhibitor suberoylanilide hydroxamic acid i 
nduces differentiation of human breast cancer cells. Cancer Res. 61: 84 
92-8497, 2001; Ferrara, F. F., Fazi, F., Bianchini, A., Padula, F., Gelm 
etti, V. , Minucci, S. , Ifancini, M. , Pelicci, P. G. , Lo Coco, F. , and Ner 
vi, C. Histone deacetylase-targeted treatment restores retinoic acid si 
gnaling and differentiation in acute myeloid leukemia. Cancer Res. 61: 

2- 7, 2001; Gottlicher, M., Minucci, S., Zhu, P., Kramer, 0. H., Schimpf, 
A. , Giavara, S. , Sleeman, J. P. , Lo Coco, F. , Nervi, C. , Pelicci, P. G. 

, and Heinzel, T. Valproic acid defines a novel class of HDAC inhibitor 
s inducing differentiation of transformed cells. EMBO J. 20: 6969-6978, 

2001) o ^h\^is>Acm.mmt\tmti:^mm'vm.^'^^^^^mtt^mmk(o 
^m^Mi-^m.^'^?^mt:B\^m^iru'^y^ymb hdac mmMto^^-vifi 

AymS^(D^iti)^^m^itl^ (Minucci, S., Horn, V., Bhattacharyya, N., Russ 
anova, V. , Ogryzko, V. V. , Gabriele, L. , Howard, B. H. , and Ozato, K. A 

histone deacetylase inhibitor potentiates retinoid receptor action in e 
mbryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295-11300, 1 
997; Ferrara, F. F., Fazi, F. , Bianchini, A., Padula, F., Gelmetti, V., 
Minucci, S. , Mancini, M. , Pelicci, P. G. , Lo Coco, F. , and Nervi, C. Hi 
stone deacetylase-targeted treatment restores retinoic acid signaling an 
d differentiation in acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; 

Coffey, D. C, Kutko, M. C, Glick, R. D., Butler, L M., Heller, G., R 
ifkind, R. A. , Marks, P. A. , Richon, V. M. , and La Quaglia, E P. The h 
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istone deacetylase inhibitor, CBHA, inhibits growth of human neuroblast© 
ma xenografts in vivo, alone and synergistically with all-trans retinoic 
acid. Cancer Res. 61: 3591-3594, 2001; Petti, M. C, Fazi, F., Gentile 
, M. , Diverio, D. , De Fabritiis, P., De Propris, M. S. , Fiorini, R. , Spi 
riti, M. A, , Padula, F. , Pelicci, P. G. , Nervi, C. , and Lo Coco, F. Com 
plete remission through blast cell differentiation in PLZF/RARalpha-posi 
tive acute promyelocytic leukemia: in vitro and in vivo studies. Blood 
100: 1065-1067, 2002) o *fc. ^<Ot^Aymm.^m^A^m}^^'i^(0^^iS>m 

— (Nan, X., Ng, H. H. , Johnson, C. A., Laherty, C. D., 
Turner, B. M. , Bisenman, R. N. , and Bird, A. Transcriptional repression 
by the methyl-CpG-binding protein MeCP2 involves a histone deacetylase 
complex. Nature 393: 386-389, 1998; Cameron, E. E., Bachman, K. E., Myo 
hanen, S. , Herman, J. G. , and Bay 1 in, S. B. Synergy of demethylation an 
d histone deacetylase inhibition in the re-expression of genes silenced 
in cancer. Nature Genet. 21: 103-107, 1999; Li, Q. L, Ito, K. , Sakakur 
a, C. , Fukamachi, H. , Inoue, K. , Chi, X. Z. , Lee, K. Y. , Nomura, S. , Lee 
, C. W. , Han, S. B. , Kim, H. M. , Kim, W. J. , Yamamoto, H. , Yamashita, N. 
, Yano, T. , Ikeda, T. , Itohara, S. , Inazawa, J. , Abe, T. , Hagiwara, A. , 
Yamagishi, H. , Ooe, A. , Kaneda, A. , Sugimura, T. , Ushi jima, T. , Bae, S. 
C. , and Ito, Y. Causal relationship between the loss of RUNXS expressio 
n and gastric cancer. Cell 109: 113-124, 2002; Boivin, A. J., Momparler 
, L. F. , Hurtubise, A. , and Momparler, R. L. Antineoplastic action of 
5-aza-2' -deoxycytidine and phenylbutyrate on human lung carcinoma cells. 
Anticancer Drugs 13: 869-874, 2002; Primeau, M., Gagnon, J., and Mompa 
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rler, R. L Synergistic antineoplastic action of DNA methylation inhibi 
tor 5-AZA-2' -deoxycytidine and histone deacetylase inhibitor depsipeptid 
e on human breast carcinoma cells. Int J Cancer 103: 177-184, 2003) » 

wiifc^^HTV^S (Gottlicher, M., Minucci, S., Zhu, P., Kramer, 0. H., 
Schimpf, A., Giavara, S. , Sleeman, J. P., Lo Coco, F. , Nervi, C. , Pelic 
ci, P. G. , and Heinzel, T. Valproic acid defines a novel class of HDAC 
inhibitors inducing differentiation of transformed cells. BUBO J. 20: 6 
969-6978, 2001) o 

mhcm.mm\t.mi)iA^sii^\^h. m^ttUBf^^^m. j^mm. mmm. (Dar 

kin-Rattray et al. Proc. Natl. Acad. Sci. USA 93, 13143-13147, 1996) fs:^ 

(Drnm-^mm. ^^i^\-imB'f-mm\z^n^-<i!^i'-m7«o^mt (Dionet 

al.. Virology 231. 201-209, 1997) . mAlkB^(0?^WlM (Chen et al., 
Proc. Natl. Acad. Sci. USA 94, 5798-5803, 1997) 'fcif^*^;Sffit>^^5)^bttT 

v^:5o *fc> m)Acmmnnt3kmm^m.mi^B^mi-^t^K.ibfix\,^^ (Kim, 

M. S. , Kwon, E J., Lee, Y. M., Back, J. H., Jang, J. E. , Lee, S. W. , Mo 
on, E. J. , Kin, H. S. , Lee, S. K. , Chung, H. Y. , Kim, C. W. , and Kim, K. 
W. (2001). Histone deacetylases induce angiogenesis by negative regulat 
ion of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, E J., Kim 
, M. S. , Kim, M. J., Nakajima, H. , and Kim, K. W. (2002). Histone deacet 
ylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 2 
90-296) o 

'<-:ft7i>^Ayt(o&mti:mm'^t>f!^ox%ito m^ffs m^Ayomn^mi>bxMw 
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ilto, A. » Lai, C. H.» Zhao, X., Saito, S. , Hamilton, M. IL, Appella, 
E., and Yao, T. P. (2001). pSOO/CBP-mediated p53 acetylation is commonl 
y induced by p53-activating agents and inhibited by MDM2. EMBO J. 20, 13 
31-1340), -eoaifelJailJSlHDACl J^HDAC2;jSiit>Srt (Juan, L J., Shia, W. 
J. , Chen, M. H. , Yang, W. M. , Seto, B. , Lin, Y. S. , and Wu, C. W. (2000 
). Histone Deacetylases Specifically Down-regulate p53-dependent Gene Ac 
ti vat ion. J. Biol, Chem. 275, 20436-20443), BU#M^ttfijflL^ (APL) 
lSlJ:ii^:?SSe®PML-RAR^PLZF-RAR, V y^<m(D^m^mt>?> Bcl-6^©:65 

5 (Dhordain P. , Albagli, 0. , Lin, R. J. , Ansieau, S. , Quief, , Leutz, 
A., Kerckaert, J. P., Evans, R. M. , and Leprince, D. (1997), Corepressor 

SMRT binds the BTB/POZ repressing domain of the LAZ3/BCL6 oncoprotein. 
Proc. Natl. Acad. Sci. USA 94, 10762-10767; Grignani, R, De, M. S., Ner 
vi, C. , Tomassoni, L. , Gelmetti, V., Cioce, M. , Fanelli, M. , Ruthardt, M 
Ferrara, F. F. , Zamir, I., Seiser, C, Grignani, F. , Lazar, M. A., Mi 
nucci, S. , and Pelicci, P. G. (1998). Fusion proteins of the retinoic ac 
id receptor-alpha recruit histone deacetylase in promyelocytic leukaemia 
. Nature 391, 815-818; He, L. Z. , Guidez, F. , Tribioli, C. , Peruzzi, D. , 

Ruthardt, M., Zelent, A., and Pandolf i, P. P. (1998). Distinct interact 
ions of PML-RARalpha and PLZF-RARalpha with co- repressors determine dif 
ferential responses to RA in APL. Nature Genet. 18, 126-135; Lin, R. J., 

Nagy, L, Inoue, S., Shao, W., Miller, ff. J., and Evans, R. M. (1998), 
Role of the histone deacetylase complex in acute promyelocytic leukaemia 
. Nature 391, 811-814)o ^(D~:^X, m^^miZ^^ir^mkCf'Z/^^zf 
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^e>tb(McKinsey, T. A., Zhang, C. L, Lu, J., and Olson, E. N. (2000). S 
ignal-dependent nuclear export of a histone deacetylase regulates nuscle 
differentiation. Nature 408, 106-111; Verdel, A., and Khochbin, S. (199 
9). Identification of a new family of higher eukaryotic histone deacetyl 
ases. Coordinate expression of differentiation-dependent chromatin modif 
iers. J. Biol. Chem. 274, 2440-2445). r.^^?>*Pl$L^fcV^yt^^)^^:^*i^:/^>f 

S^^TffeS (Verdel, A., Curtet, S., Brocard, M.-P. , Rousseaux, S., Lem 
ercier, C. , Yoshida, M. , and Khochbin, S. (2000). Active maintenance of 
nHDA2/mHDAC6 histone-deacetylase in the cytoplasm. Curr, Biol. 10, 747- 

749) o HDAC6{4iitm'fc^t?^mdSii5<. iEnfimm(o^mmt>^ tm^^fi 

wi:d5^btl/TV^S (Matsuyama, A., Shimazu, T., Sumida, Y., Saito, A., Y 
oshimatsu, Y. , Seigneurin-Berny, D. , Osada, H. , Komatsu, Y., Nishino, N. 
, Khochbin, S., Horinouchi, S., and Yoshida, M. (2002). In vivo destabil 
ization of dynamic microtubules by HDACe-mediated deacetylation. EMBO J 
. 21, 6820-6831) o $?>^^:^ HDAC6 fi^/hWiJU^-a-i-SflliT-fe^/VW^-C. 
B^(DmWiBK^-^ir^ (Hubbert, C, Guardiola, A., Shao, R., Kawaguchi. 
Y., Ito, A., Nixon, A., Yoshida, M., Wang, X.-F., and Yao, T.-P. (2002) 
. HDAC6 is a microtubule-associated deacetylase. Nature 417, 455-458) 
, J: o T HDAC6 <D Pl^^Jfi^JpaO^J ttS:^ ^mm^ h So TSA HDAC f-:/ 

U-C3c;a?:arV'{r V^'^r^o b7:a^^->i^fiHDAC6 ?SrPl^i-5 ^ iJ&StftJ&VN (Fu 
rumai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, E , and Hori 
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nouchi, S. Potent histone deacetylase inhibitors built from trichostati 
n A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98: 87-92, 2001.) » B^O±i^^(D^n-it>^h^ 

:L(D:Lh \im^^ h 9^-^^ m^oJicm^x^ixm^ ^ hdac ics^e^jj^riaw 
TSA « t K n HDAC ^iSi^^ y M^TfM^iziia^t-r 5 ;i t xmm 

fS^tr^ir (Finnin, M. S., Donigian, J. R. , Cohen, A., Richon, V. M., Ri 
fkind, R. A. , Marks, P. A. , Breslow, R. , and Pavletich, N. P. Stnicture 
s of a histone deacetylase homologue bound to the TSA and SAHA inhibitor 
s. Nature 401: 188-193. 1999.) „ t KO'^ff-i^.^^^-f-^ HDACliE^jgRl^ L 
T(*x Oxamflatin (Kim, Y. B., Lee, K.-H., Sugita, K., Yoshida, M. , and H 
orinouchi, S. Oxamflatin is a. novel antit;mor compound that inhibits ma 
mmalian histone deacetylase. Oncogene 18: 2461-2470, 1999.) ^ CHAP (Fur 
umai, R. , Komatsu, Y. , Nishino, N. , Khochbin, S. , Yoshida, U. , and Horin 
ouchi, S. Potent histone deacetylase inhibitors built from trichostatin 
A and cyclic tetrapeptide antibiotics including trapoxin. Proc. Natl. 
Acad. Sci. USA 98 : 87-92, 2001., Komatsu, Y., Tomizaki, K.-y., Tsukamoto 
, M. , Kato, T. , Nishino, N. , Sato, S. , Yamori, T. , Tsuruo, T. , Furumai, 
R. , Yoshida, M. , Horinouchi, S. , and Hayashi, H. Cyclic Hydroxamic-aci 
d-containing Peptide 31, a potent synthetic histone deacetylase inhibito 
r with antitumor activity. Cancer Res. 61: 4459-4466, 2001.) Jfeif t>^b 
i^TV^5. Ld^U TSAttJfiLtp-C^S^^t-efcSilJlt K^^•}^Aig©^lx-^f^ 

T?. t Kn^f-Am^crW-rs HDAC Pl^^Jlt;iix*'T?<Z)i: ^ 5^:65 ^^J^: LT^ 
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(DM7ttlVm7t^tlXB^itir^-^Vi}^y^y^'^h^ (Furumai, R., Matsuyama 
, A. , Kobashi, N. , Lee, K. -H. , Nishiyama, IL , Nakajima, E , Tanaka, A. , 
Komatsu, Y. , Nishino, N. , Yoshida, M., and Horinouchi, S. (2002). FK228 
(depslpeptide) as a natural prodrug that inhibits class I histone deacet 
ylases. Cancer Res. 62, 4916-4921) » 

nir?>mV^y' b7^7'^K«i§®>r^i4dS^l^^ttTV>5dS(lif*|Yoshida e,, 1 

995) . r tt* x(Dm.m^in^:^ik^ ^om^ o^xmrnffu t vx-\'^\zmsi-v^ 
fmvft^^, i^:^/uy^ v^^^^-t^^t^mitin vitro ximm\^s^\^x 

it^}^ if 5fev^ HDAC mmm^^^ ^ fs^it^HK mymxh 5 h -/vSr 
— :>^^ m v^)vx<o^^:^)\^y w Kfl£©^S14« tsa ^^-^--jvf^h llao5Sv^^g 

m7cxi^:^;vy^ }fm^i)mmi^xm^f^m^mm^Mmkcm.mm(oyn k 
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l^^^ R,„ Rji, Rji, R^ift^tt^^T^AtLTTK^^fcfiT^^/vS^^i-o R22. 
Ro. R82, Rss. R42. R4stt-5:*L€ti4i3fcLT7K^. ^^ic 1-6 ©ttiiT/V'SE^/V'S 
s 0^mmm1if!:T/^^^Jl'm•h U < «fiJfeS<lrW1-5 t ^ 55^§i^:0S^'a' Life 

mwi i~5 ©Ei^r/w^ vy^. mm^ i~6 ©^^n^^^w-rs^zs^^ic i~5 

©li:mT/v=^vi^^, t>L<tt. ^^IS: l~6 l~5 
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HNR2i^ ^CONRsi^ ^C0NR4i^ ^COOP2 

(S^'f'x Rji, Rgp R22> R23J ^si* R33, R41, R42> S.TJ^R43l'iN (1) ^ 

i^ii-<zfi'm^m(omET'vm:^:^^. -1^^ (4) 

Hal 



R22 R23 R32 R33 R42 R43 

. y y y 

P 1 -NRi i^*"^* CON R21 ^^^^ CONRsi*"'^^ C0NR41 ''^^ COOP2 

(4) 

(^'t'^ Dj Rll> R21» R22> ^» '^Sl* ^32> ^SSJ ^41* ^42> ^43* ^l^ ^2* tJ^ Hal fi 

) 

R43 



R33 

R32 



R22 

R23 (5) 



(^^> n, Rji, R21, R22> R23» Rsi* R32» R33> ^41* ^42> ^3> Pn ^2> ^tJ" Hal 

) 
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i^^, R,,. R^, R31. R32. R33. R41. ^ V ^tJ'Pi «^ m&'^Mmvit 
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(^tf, n, Ri„ Rj„ R22. Rj,, Rji. R32. R33. R41. R43. Pi. P2. RtJ?Hal tt 

Rm^'^Xs -hIB-ISS: (5) x^-^fi6i\:.^m^%. j!fev^-e-^^ (5) -e^ 
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R43 




R23 



i^tp, n, R,„ Rj,. Ra, Ras. Rsi. R32. R33. ^ RX^^ti^ W^^^l^ 

±ia^ (1) tf> R„. R21. Rm. R4,«-etb^4T4as:uT7K^*fe«p<^/vs^ 

t^^ti)^X-^^o ^fc. R22. V Rs3. R«. R43^*^ ^3^^tb^A£UT7K^ 

i^^^VX\f^Xh^^\ *fc. Raii:Ra8. Ra^I^ Rsi^Rsa. Rsa^Rss. 841^^42 

, R«i:R«ri> ^Mi^M^^niiL'r$mimmi:tox^ii<. iiftm-^mm 

Ik 1~5 OUmrjV'^l^yM, ^mik 1~6 <D:»-|l^^i^^-r 1~5 <D 

umr/i^^i^ym. h\^< ti^mwc 1-6 (DmmT^^m^tcm^mm^ i~5 
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R«, R43 ©7^iffi{ci^'e'L^x©&(^'e):e-r5ajlM^i5)-^i^;^;^/V':7 

3£1>L<«:Ty wvSft. $ e>lJ:fi^J^iirS:€;trv>Tt J: < . HDAC 
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>f:^9g(^:*3V^•C^ (1) Ign f^iHDAC la^^tt^^-rS^ffit'S^ 

(ofm^^ y Y^^K^K r (ommm.^m<omm'^-f\'m^ hdac (d:^^ ^ 
m}t. 2-r^/-n -/^xiTivij vn.^w^k \^x^xr<r>m. ^ mat-rs ;r ^ 

•Ci^So R,i, R2,, R22, R2S. R31. Rs2. Rss. R41. R42. V :feJ:t)^n:fc^f©je 




(2) 



■e^^tis^b-a-ife. (3) 
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R22 R23 R32 R33 R42 R43 

</ \/ \/ (3) 

HNR2i'^^^CONR3l^''''^^CONR4i^''''^^COOP2 



Hal 



ffT^* ■ R22R23 R32R33 R42R43 



y (4)\/ y 



Pi-NRii*^ ^CONRai^ ^C0NR3i^ ^C0NR4i*^ ^COOP2 

(4) 

-fbas^*. -^^ (5) 

R43 

R4; 



R33 

R32 



R22 

R23 (5) 



t:^t^^mtR}S:>^^. -jK^ (9) 
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R43 



R42 



R23 

R22 R23 R32 R33 R42 R43 



P1 - NR21 -'"'^^ CONRsi*""'^^ CONR41 ^ ( 



(6) 

COOH 

-e^$tiS<b-8^Sr. -^S: (7) 



it 



Hal 



" (7) 
HRiiN'^'^C00P2 
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(8) 

^^\^itm^. ^-^^Y^^no^^^yx^mtRW^^^x, ±fB-^^ (5) x 

tP^mtSJtSS*. (9) 



R43 




XTT^-^Mit^s^^m. ^\i^x-m^ (9) x7fi^Mi\:-^m^T:^^=^Tt.ti 

r tdS£t|ud>P>^?>*T/TV^S (Yoshida, M., Nomura, S., and Beppu, T. Effe 
cts of trichostatins on differentiation of murine erythroleukemia cells. 
Cancer Res. 47: 3688-3691, 1987; Hoshikawa, Y., Kijima, E, Yoshida, M 
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• , and Beppu, T. Expression of differentiation-related markers in terat 
ocarcinoma cells via histone hyperacetylation by trichostatin A. Agric. 

Biol. Chem. 55: 1491-1495, 1991; Minucci, S., Horn, V., Bhattacharyya, 
N. , Russanova, V. , Ogryzko, V. V, , Gabriele, L. , Howard, B, H. , and Ozat 
o, R. A histone deacetylase inhibitor potentiates retinoid receptor act 
ion in embryonal carcinoma cells. Proc. Natl. Acad. Sci. USA 94: 11295- 
11300, 1997; Inokoshi, J., Katagiri, E, Arima, S. , Tanaka, H. , Hayashi, 

M. , Kim, Y. B. , Fiirumai, R. , Yoshida, M. , Horinouchi, S. , and Omura, S. 

(1999). Neuronal differentiation of Neuro 2a cells by inhibitors of eel 
1 progression, trichostatin A and butyrolactone I. Biochem. Biophys. Re 
s. Commun. 256, 372-376; Wang, J., Saunthararajah, Y. , Redner, R. L. , an 
d Liu, J. H. Inhibitors of histone deacetylase relieve ETO-mediated rep 
ression and induce differentiation of AMLl-ETO leukemia cells. Cancer R 
es. 59: 2766-2769, 1999; Munster, P. N., Troso-Sandoval, T., Rosen, N., 
Rif kind, R. , Marks, P. A. , and Richon, V. M. The histone deacetylase in 
hibitor suberoylanilide hydroxamic acid induces differentiation of human 

breast cancer cells. Cancer Res. 61 : 8492-8497, 2001 ; Ferrara, F. F. , 
Fazi, F. , Bianchini, A., Padula, F., Gelmetti, V., Minucci, S. , Mancini, 

M. , Pelicci, P. 6. , Lo Coco, F. , and Nervi, C. Histone deacetylase-tar 
geted treatment restores retinoic acid signaling and differentiation in 
acute myeloid leukemia. Cancer Res. 61: 2-7, 2001; Gottlicher, M. , Minu 
cci, S. , Zhu, P. , Kramer, 0, H. , Schimpf , A. , Giavara, S. , Sleeman, J. P 
., Lo Coco, F., Nervi, C. , Pelicci, P. G. , and Heinzel, T. Valproic aci 
d defines a novel class of HDAC inhibitors inducing differentiation of t 
ransformed cells. EMBO J. 20: 6969-6978, 2001) o ctoTx *^K©^b^#J 
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4fc. HDAC SrPlWi-'Sjb'g-l^ttx Jfiif ff^^rRa^-fS i:^3il§i^TV^5 (Kim 
, E S., Kwon, E J., Lee, Y. E, Baek, J. E, Jang, J. E., Lee, S. W. , 
Moon, E. J. , Kim, H. S. , Lee, S. K. , Chiing, H. Y. , Kim, C. ff. , and Kim, 
K. ff. (2001). Histone deacetylases induce angiogenesis by negative regul 
ation of tumor suppressor genes. Nature Med. 7, 437-443; Kwon, H. J., K 
im, M. S. , Kim, E J. , Naka jima, H. , and Kim, L W. (2002) . Histone deac 
etylase inhibitor FK228 inhibits tumor angiogenesis. Int. J. Cancer 97, 
290-296) o J:oT. jfltfr^iaW^J^: UTtflJ^Tft 5o 

^fc. :^mm<Dit'B-^\t. O HDAC (D^h. HDAC 1 , 4 (C^UT®^6<)|J: 

m^mmm^^^-ro ^o:/t*. ^^^^(Dit^mt, hdaci, 4ice@ufc^it 

HDACi, Atm^l^it^Bf^m^B. AMm. mPS^i3:if^:'^^?>:Lkti 

i)^mmm^fc}^'f'mnm\^it^\:^xmnx^. m^tf. mm. %m. mk mm 
mk :»y±^i^mim^ir^:itii^x^^mMMtLxn. m^\i'^7f-y. 
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^^■g-tf^SS?^^ D-y/Hfb-/K D-r^'/-;^, D-W:=h-/K ^ 

-/K Hr^'im'm^'^n. 'e»l;trf^y y/v^-h so™, HC0-50 ir^fflUT 

mh\.x\%. m^\t. ^nm. m^^^^. m-n^ma^ 

60kg t LT) ^;I*5V^T^i. il^. l e ^ t>«?) O. Ol SOmg. L< 

0.1 d^P) 20mg, j:t)0«L<W:»5jO.l d^e> lOmg 5SS?:#Mffil*fci: t) S-^-fS 
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tLX) (^:*3V^T«:. 1 0 fcfc!?Ji& lOO/xg d^^) 20ing "CfoS t#;tbti/5o 

(D SCOP ©^3t<^>-l^^^i-@-e$)5o 
@ 2 fi&i4^-T?fc55^:^— /v^*-C(Di^^^l^4 - 7 © SCOP omm^^ir 

mXh?>o |1I{C:*5V^TSC0P152 (C5)f*, m 1 t&W^hX^To 

®3«x ^^^^-^-^^moscoftoimt^^i-mxh^o scop#-^f** 
0 4 {i, SCOP 15 2 izm^ (Di\:^m^^^'B'^'tfc^^-f y 5^ km<^ scop 

@ 5 Xi^<0 Cyl-1, Cyl-2 ti^i^^ l^y*:^ a ^^^i-MXh 5o 

min^ scop 152. SCOP 304 *5J:rj5 SCOP m (Djkm^X(D^l^^(DmS'tn 
08ft. SCOP 152. SCOP 304*5 J; U« SCOP 402 (DBS^I^^^^XO^M^COWM 

^mmmx^irit^m(o^^j:n(o±i^(DmMmi. 2 1^:33^ l. H-L-Ab7-oH 
^m^mntLx^^^j:m\^-^^^xskr\z.mmKm.mi-^o rr-cft 
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2-amino-7-bromoheptanoic acid TAbYj ts 2-ainino-7-acetyltioheptanoic 
acid<lr rAm7(Ac)j 2-amino-7-iiiercaptoheptanioc acid ^ rAm7j i> sul 
fide of 2-amino-7-inercaptoheptanioc acid ^ rAm7(-)j ts 2-aiiiino-8. 9-dim 
ercapto(S'-2'-nitro-N,N' -dimethyl benzamide) ^ rAm7(Ell)j 2-amino-8, 
9-dimercapto-ll-hydroxyundecanoic acid iS: rAm7(SMEt)j 2-amino-8. 9-di 
mercapto(S'-2'-pyTidyl) nonanoic acid rAm7(S2Py)j 2-amino-8. 9-dim 
ercapto(S'-4'-pyridyl) nonanoic acid rAm7(S4Py)j 2-amino-8, 9-dime 
rcaptodecanoic acid ^ rAm7(SMe)j tV^to t.ft^ -g'JSfe'fb^l^-Cfc 6 Sulfur- 
containing cyclic peptides TSCOPJ tV^VX^'f'o 
HJfiM 1 . Boc-L-Ab7-0H (D^^ 

H-L-Ab7-0H (7.3 g, 32.4 mmol) SttK : i:^:^^-^^^ = 1 : 1^ (30 ml. v 
/v) (31^)1? U ?!lC?&T(Boc)2 0 (7.68g, 35.6 mmol) RXJ^ h V :^^/l^T ^ y (6 
.72 ml, 48.6 mmol) ^JUxi 5 ^K^Lfco SJSS^S^||*m^ :^-y'/UX*m\'^ 

3^5^/1^^ mmynmk\m'ii)t(Dmd.it^m (10.4 g, 32.4 mmoi, jr^ 

100%) 

MMm 2 . Boc-L-Ab7-NHMe (D^^ 

Boc-L-Ab7-0H (326 mg, 1.0 mmol), y ^ ^/VT 5 ^ (81 mg, 1.2 mmol) 

, HOBt • HjO (184 mg, 1. 2 mmol) <D DMF (3 ml) m^K^f^TX h V ^^/VT 
(0.17 ml, 1.2 mmol) RXfDCC (247 mg, 1.2 mmol) ^Mtlto 15 

^^yyy^^a.i/}):fj^;V-!;n-^V^yy^- (3.6 x 15 cm, jj' ta jjN/Vi») 
•CJfiifSliU. cc-T^/i^ / j^^fta:— 7^/1/ (i:io) ^M^xmt\^. efel^7^<^^lB 
fk-a^ (250 mg, 0. 74 mmol, l|Z^ 74%) Sr#/feo TLC: Rf = 0. 58 (0101, / MeO 
H = 9 / 1) 
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Boc-L-Ain7(Ac)-NHMe <D^^ 
Boc-Ab7-NHMe (125 mg, 0. 37 mmol) (D DMF (2 ml) m^K^ i^:tmWt^ V ^ 
A (64 mg, 0.56 mmol) **0;tT 3 ^^S^S^^fCo DMFS:S*U mk^f-/^ 

X J^-7"/v / ^m^^-y'/i' (1:10) SrJU^TH'fkL. ^'feig^^O^E-fb 
(120mg, 0. 36 mmol, 97%) *^^o TLC: Rf = 0. 57 (CHCl, / MeOH = 
9 / 1) 

MMM 4 . Boc-L-Am7 (-) -NHMe SS dimer <D^^ 
Boc-Am7(Ac)-NHMe (60 mg, 0.18 mmol) ©DMF (0.5 ml) ^ — /H* 

ry^=^r (20 eq.) ^m^. 24mmmnLito Rj^mt^mm^. ^ufcss 

dimer ^77yV3.i/y;&'$^/V^P-r (1.5X30 cm, 1*;^^/ — 

/V / :^ops}^/^A) X'^m\^. e-fei^^^^E^fb-a-^J (43 mg, 0.11 mmol, i|X 
^ 61%) 4:#fc:o HPLC^5|Jt^re^ 8.5min, HRMS (FAB, dithiodiethanol) , 579 
.3293 [M+H], C2A1O6N4S2 (579.3250). 
MMM 5 . Boc-L-Am7 (S4Py) -NHMe (D^fSl. 

Boc-Am7(Ac)-NHMe (60 mg, 0.18 mmol) ©DMF (0.5 ml) 4, 4' -i^^;^ 

i^h'Vi^y (79 mg. 0.36 mmol) RX^;^ ^ / —/l^^T ^^^^T (20 eq. ) ^Mx. 

'7y>{- (1.5X30 cm, ^P^:^^/^A) -OftSliU msmk'k^^\ ^IBfli'g' 
(43 mg, 0.11 mmol. W 61%) ^#fc„ HPLC^^^it^ra, 5.6 min, HRMS (FA 
B, dithiodiethanol), 400.1766 [M+H], CigHaOjNsSa (400. 1729) . 
HJi^J 6 . Boc-L-Ab7-0Bzl (O^l^ 
Boc-L-Ab7-0H (4.05 g. 12.5 mmol) DCM (20 ml) 131^^ L> inC^T^V^^ 
,1^ (1.55 ml, 15.0 mmol), 4-i^7< ^/l^T ^ / Ify i^^:/ (153 mg, 1.2 
5 mmol) mS^m (3.09 g, 15.0 mmol) ^*P^ 8 I^M^j^sSrfToifco ^^S^Sr 
I^^:i^^>'V{j:^^U. 10% iJ'J^ymTK^. 4% ^m7K^":^^y !>-^7K 
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zx.V^):f3^)Vi/Xi^ h^77W— (5X20 cm, 20% g^g|j:'9^/V / ^^^V) "C 
J^Mb. Jft^^O^IB-fb-a^ (4.29 g. 10.4 mmol. 83?S) Sr#:/h„ TLC: Rf = 

0.49 / = 1/4) 

7 . Boc-L-Ile- L-Pro-OBzl ©-S-fife 
Boc-L-Pro-OH (1.08 g, 5.0 mmol) h^V-^fV^xi^ K (0.893 ml, 75 mmol) 
tSrDMF (10 ml) m^'T'^Y^) ^f-?\^r %V (10.5 ml, 75 mmol) 
-eaiS^^-tirT. ^i:;feBoc-L-Pro-OBzl<Sr?ffi;i^ifelt b-C#;fco m*?!K?&T2N 
HCl / (5 eq.) 3 ^reSlS$*T> H-L-Pro-OBzl • HCl 

Boc-L-Ile-OH • 1/2 HjO (1. 39 g, 6.0 mmol), H-D-Pro-OBzl • HCl (956 mg, 4 
.0 mmol) SU^HOBf HjO (613 mg, 4.0 mmol) <^>DMF (10 ml) W^\^WI^T'^ 
DCC (1.24 g, 6.0 mmol) 'SCO-Y^) ^^J\^7 (0.70 ml, 4.0 mmol) -^1S&7Llt. 

> ?a^^ifeil:79:xi^3.vy;«y'{^/Wi^P'r h^7 7^— (4X30 cm, l%7«^y-/v 
/ ^ a 13:^^/1/ A) •T?5Wf$!lU^ ?ftH^<^^IB>fb'a'1& (1.63 g, 3.38 mmol, IR* 85?i 

) ^Sr^fCo TLC: Rf = (CHCI3 / MeOH = 9/1) 

%W^\ 8 . Boc-D-Tyr (Me) -L-Ile-L-Pro-OBzl ©-g-^ 
Boc-L-Ile-L-Pro-OBzl (1.63 g, 3.38 mmol) SrTFA (5 ml) tc:^iPU> 

T30^TOMLfCo S^^T^TFA^Ii^U. icJETieiSiU. H-L-Ile-L-Pro-0 

Bzl'TFA *#yto ;iixSrDMF (8 ml) Boc-D-Tyr (Me) -OH (1.50 g, 

5.07 mmol) <l:iP^^ J^V>Tj!|C?nTHBTU (1.92 g, 5.07 mmol), HOBt • HjO (51 

8 mg, 3. 38 mmol) S.t)^ h ^ ^f-J^T % -^{2. 37 ml, 16. 9 mmol) -^Mx.. 3 

7^-J>>i^m^'77^yi^^i^V:^'^/V^ti-^V^yy^- (4X30 cm, 1%;^^/ 
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-/V / ^iapj}x7VA) T-*tj^L> '7:t—J^^(DiM^i\:^m (1.44 g, 2.42 mmol 
, iR^ 72%) iSr#fco TLC: Rf = (CHCls / MeOH = 9/1) 

9 . Boc-D-Tyr (Me) -L-Ile-L-Pro-L-AbT-OBzl ©-g-^ 
Boc-D-TyT(Me)-L-Ile-L-Pro-OBzl (1.44 g, 2.42 mmol) $r>«^y^/V (12 ml 
) ici^^b. 5% Pd-C (150 mg) #^ET^3§5n«r^Tofc„ 5^M^. Pd-CM^S 
SritiaU^ Boc-D-Tyr(Me)-L-Ile-L-Pro-OH*'rPASr#:fc„ 

Boc-L-Ab7-0Bzl (1.29 g, 3.12 mmol) TFA (10 ml) *?&T 30 

$^TOSUfCo ^J^T^TFA^g^U ^teT$£i!SU H-L-Ab7-0H • TFA Sr# 
ito itt^DMF (16 ml) iZ^M^"^^ Boc-D-Tyr (Me) -L-Ile-L-Pro-OH (1.21 g, 
2.40 mmol)SrJP;t, MV^T7iC?&THBTU (1.18 g, 3.12 mmol), HOBt • HjO (368 
mg, 2. 40 mmol) ^.U^ h y :3^^/wr ^ ^ (1. 34 ml, 9. 6 mmol) ^;tin;ix 3 

(4X30 cm. 2%pi^y-/V/^ 
^^;j^/^A) -emMU. y^-J^i^Oi^mih-^^ (1.20 g, 1.47 mmol, 61 
«) Sr#lfco TLC: Rf = (CHClj / MeOH = 9. / 1) 
MMM 1 0 . H-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0H • TFA (D^^ 
Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0Bzl (1.20 g, 1.47 mmol) Stt^^/— 

(7.5 ml) \mmu ?d-cmm (130 mg) T. imM7tt:noito smm^. ?d- 

cmM^^^U RJtMt:^^^s Boc-D-Tyr (Me) -L-Ile-L-Pro-L-Ab7-0HSr#fci 
o rnSr TFA (5 ml) \mmU *?&T30^^JS[gLfeo RJtM^^^'^. ^ 

— / (1:10) ^M^xmi[:u tmmmkKmi^t^^ a 

70 mg, 1. 02 mmol, 69%) ^#fCo 

1 1 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pro-) ©-a-fifc 
H-D-TyT(Me)-L-Ile-L-Pro-L-Ab7-0H«TFA (770 mg, 1.02 mmol), HATU (388 m 
g, 1.53 mmol) RX^ DIEA (0.71 ml) SrS^^SlILT 30 DMF (1000 ml) 
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, 10% A% HaKCO^RX^ma^^'^m^^^i^. MgSO^ -^^)^ 

7^— (4X30 cm. 2%;^^/*-/V'/^oo»l^/VA) -CMMU 7;*— At^i|& 130 
mg (21%) ^#fCo HPLC -R^if 8.20min., FAB-MS (dithiodiethanol), 593 
[M+H], (593.2). 

1 2 . Cyclo (-L-Am7 (Ac)-1>-Tyr (Me) -L-Ile-L-Pro-) 
cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pro-) (25 mg, 0.042 mmol) (D DMF (0.5 m 
1) m^\z:^:tmM:^V^J^ (9.59mg, 0.084 mmol) ^riJR^X 3 
ito DMF aS^i^^^^/H-^O 10% iJ'^;^'^^, 4% NaHCOjX 

glMS^bT 19 mg (76%) (Om^m^ntCo HPLC ^^^^x 8.20 min.. FAB-MS 
(dithiodiethanol), 589 [M+H], (589.3). 

MMWlS. Cycle (-L-Am7(-)-D-Tyr (Me) -L-Ile-L-Pro-) (SS-dimer : SCOP 2 

96) ©-a-^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-L-Pro-) (19 mg, 0.0322 mmol) it* 
■ftm (2 ml) ^?g{C^;!i>U ^i5^/-/Vi4Ty^=^r (10 eq.) ^ff^-^tx 
T±i^;l^m^^^hrCo ^SEH*^ DMF (2 ml) {Jl^d^L. 1 M I, (:n^/~/v 
) 0.04 ml ^M^Xfkit^^oito ^hft SS dimerSr Sephadex LH-20 (DMF 
) ;«;9iNT'ltMUfCo 7K^AP^Tfi^«^mi:UT#:/fco HX* 7.4mg (42%) o HP 
LC ^^^^s 14.1 min., HRHS (FAB, dithiodiethanol), 1091.5648 [M+H], Cg 
AsOiASj (1091.5674). 

mS&M 1 4 . Boc-L-Ile-DL-Pip-OBzl (D^^ 

Boc-DL-Pip-OH (2.29 g, 10 mmol) t^>i^/i^':fti ^ K (1.79 ml, 15 mmol) 
t^DMF (20 ml) f^XYV^f/^^T^^ (2.1 ml, 15 mmol) ^TX^fi^^t 
Ts ^U;fcBoc-DL-Pip-OBzl ^mVt^t LT#fco ::tL^2 N HCl / 5^;^-^f- 
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i^(5 eq. ) 3 ^^S^&^-frT. H- DL-Pip -OBzl • HCl Sr#feo 

Boc-L-Ile-OH • 1/2 HjO (2.47g, 10.7 nmol). H-D-Pro-OBzl • HCl (2. 28 g, 
8.9 mmol) S.tJ« HOBt • HjO (1.36 mg, 8.9 mnol) ©DMF (20 ml) ^JJItK^&T 
-t? DCC (2. 20 g, 10. 7 nmol) &tJ« h V 3i^/VT ^ V (1. 25 ml, 8. 9 mmol) SrJP 

^ft*^^^Sr79y'>'ai^';:5&'//^^^•r b;/97-f- (4X30 cm, l«^^y 
— / jJ^iapx}N/kA) -CMiilL. Jft4^<^MIB diastereomer ^-S-^fe (3.33 g, 7 
. 70 mmol, IR^ 87X) Sr#^o TLC: Rf = (CHCl, / MeOH = 9/1) 
MM^l 1 5 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (O^^ 

Boc-L-Ile-DL-Pip-OBzl (3.33 g, 7. 70 mmol) ^ TFA (10 ml) ^ 
}^T30 5^ra^fegbfCo SJf&i^TmTFASr®*L. ^mmVs H-L-Ile-DL-Pi 
p-OBzl»TFA ^^fto :iMdW (16 ml) Boc-I>-TyT(Me)-OH (3.4 

1 g, 11.6 um>l)^M^. ^V^-CtJcJ^THBTU (4.38 g. 11.6 mmol), HOBt • H^O 
(1. 18 g, 7. 70 mmol) RXJ^ h ]) 3i^/VT ^ ^(7. 01 ml, 50. 1 mmol) ^M:k.^ 3 W 

, 7:t"-J^Vt^^:77yi^^i/]}:^^/i'^r3Th^^7^— (4X30 cm, 1?6^ ^ 
y^/V / ^'acjI^/P.^) TIRSSIU AJt^^^lBdiastereomer Ji-g-^ (3 

. 46 g, 5. 67 mmol, W 74%) ^mtCo TLC: Rf = (CHCl, / MeOH = 9/1) 
MMM 1 6 . Boc-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0Bzl (D^^ 
Boc-D-Tyr (Me) -L-Ile-DL-Pip-OBzl (3. 46 g, 7. 37 mmol) S:^^/— (30 m 

1) \mMu 5%?d-c (230 mg) ^^rmmm7c^n<ifto smm^. n-cmm 

SritiSU. RJt^m^^^^. Boc-D-Tyr (Me) -L-Ile-DL-Pip-OH*#fCo 

Boc-L-Ab7-0Bzl (3.05 g, 3. 12 mmol) SrTFA (5 ml) {::^^i?L> ^^~fZO^ 
m^VtCo ^i^T^TFA^S*U i^ffTiaiSU H-L-Ab7-0Bzl • TFA 
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tCo ril^DMF (16 ml) Boc-D-Tyr(Me)-L-Ile-DL-Pip-OH (2.80 g 

, 5.39 mmol) *JB;t, )^V>"C*}^T HBTU (2.66 g, 7.01nnnol), HOBt • HjO (82 
5 mg, 5.39 nmol) RX^h V ^'f'/^T ^^{3.02 ml, 21.6iimol) ^M^> 3 

7;*-- 7^5/5^3. i^!J;«?y/V^i3 h >f- (4X30 cm, 2%;^^/ 
— / ^uvit^/l^A) 7;t-*-A)l^©i^|B diastereomer (4.0 

7 g, 4.91 mmol. 91%) Sr#fCo TLC: Rf = (CHCls / MeOH = 9/1) 

MMM 1 7 . H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H • TFA (7>^^ 
Boc-D-Tyr(Me)-L-Ile-L-Pro-DL-Pip-OBzl (4.07 g, 4.91 mmol) ?Srp<^y— /V 

(10 ml) iz^mu ?d-c mm (300 mg) ^^T^Mji^sr^Toftio smm^. ? 

d-C mmtrmMU SiiSSSe^ll*^^ Boc-D-Tyr(Me)-L-Ile-DL-Pip-OH^#;fc. 

TFA (10 mL) ^If^r ZO ^mnWLVito SJE&^I^S^W*^^ ^- 

T'/V / ^Ffftji— r/V (1:10) ^M^XmitV. UBT^^^K^tS. diasteieom 
er ii^ife (2. 60 g, 3. 51 mmol, JRs^ 72%) S:#yto 

HM^J 1 8 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-L-Pip-) *5 it^ Cyclo (-L-Ab7- 
D- Tyr (Me) -L-Ile-D-Pip-) (D^^ 

MV^TV7^:^f-Vs H-D-Tyr (Me) -L-Ile-DL-Pip-L-Ab7-0H (1.28 g, 2.0 mmo 
1), HATU (1.14 g, 3.0 mmol) RXJ^ DIEA (1.0 ml) ^S^PIVX 30 j^UK DM 

F (1000 ml) \z.Mx.x. m^t^jt^n^fc, 2f^m^. RjtM^mm^^. 

}V^xi-^Y^yy (4X30 cm, 'S:^^ J—)V I ^nxiiS^)VK) -CJIS^IL. C 
yclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) Sr 372 mg (61%, HPLC ii^^^^s 8.94 
min., FAB-4iS (dithiodiethanol), 607 [M+H], (607.2)), Cyclo (-L-Am7(-)-D-T 
yr(Me)-L-Ile-D-Pip-)iSr238 mg (39%, HPLC ^^I^Wx 10. 5 min. , FAB-MS (di 
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thiodiethanol), 607 [M-Hi], (607.2)), ^tl^tb7:t— i^Jt^i: UT^fCo 
MMM 1 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-L-Pip-) <0^^ 
cyclo(-L-Ab7-D-Tyr(Me)-L-Ile-L-Pip-) (130 mg, 0.21 nmol) © DMF (1 ml) 
m^\Zf-:^mk^ V ^ (69 mg, 0.315 mmol) ^m:tX zmmR^-^tlto 

m\^X 109 mg (86%) omV^^^mCo HPLC -(S^i^^lSI. 8.94 min., FAB-MS (di 
thiodiethanol), 603 [M+H], (603.3). 

Cyclo (-L-Am7(-)-D-Tyr (Me) -L-Ile-L-Pip-) (SS-dimer : SCOP 2 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-L-Pip-) (114 mg, 0. 198 mmol) ^ 
(0.5 ml) mtK:^^y-^^ry^::^r (10 eq.) Sr#ffi$-^TT-fe^ 

/vssr^*u:feo mm^^^ DMF (2 ml) \mmu i m (^^^y-zv) 0.25 

ml ^MK.Xmt^^<ifCo ^J^^^it SS dimer^lr Sephadex LH-20 (DMF) 
A-eJ^iSlLlfeo 7KS:*P;tTe&)g^5^i:LT#:feo HX* 82 mg (7896) „ HPLC 
l^ra> 11.6 min., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], CM>iA 
$2 (1063. 5361) . 

2 1 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pip-) (D^^ 
cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-I>-Pip-) (240 mg, 0.40 mmol) © DMF (0.5 m 
1) V !>A (69 mg, 0.60 mmol) ^M^X S^f^S/S^^fCo 

'i7J>>7i(.m^RxTma'km:A(.xiim^vfco Mgso^-e^ji^. mmu ^^fbs/is 
^tmm\^±fS(.\^fc'^:i-:^:^T/i^^wmmnLx m mg (66%) (om^ikm^ntc 

„ WIC ^W^^^ 10.5 min., FAB-MS (dithiodiethanol), 603 [M+H], (603.3) 
mMm2 2. Cyclo (-L-Am7(-) -D-Tyr (Me) -L-Ile-D-Pip-) (SS-dimer : SCOP 3 
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00) (D^^ 

cyclo(-L-Ain7(Ac)-D-Tyr(Me)-L-Ile-D-Pip-) (160 ng, 0.27 nmol) O DMF (1 
0 ml) m^\Z.:^^y--/l^7>^=:-r (10 eq.) ife-f^^ §*Tr-fe^/WS^^^* 
LfCo ^m^^^ DMF (2 ml) kmHi^U 1 M I2 (3i^/«-/V) 0.31 ml i:M^ 
Xm^t^^ofto ^fifeU^c SS dimer* Sephadex LH-20 (DMF) ^yJ^^X^mMh 
tc^ 7i(.^M^XJ^^m^thXmc^ flX* 54 mg (36%) o HPLC ^it^W. 13.4 
min., HRMS (FAB, dithiodiethanol), 1119.5939 [M+H], CsgHgrOioNsSa (1119. 59 
86). 

2 3 . Boc-L-Ile-D-Pro-OBzl (0^0. 

Boc-D-Pro-OH (17.2 g, 80 nmol) t^yi^/l^-f^^ K (14.3 ml, 120 mmol) 
k^dW (160 ml) tf^K?^T"T? b y ^'f-JVT % V (16. 8 ml, 120 nmol) #?5ET 
XWJ^^'t. Boc-D-Pro-OBzl ^^Wak LT^^to itV* 2 N HCl / •J^J^-'^f- 
V (5 eq.) XZn^U.H&^'^X^ H-D-Pro-OBzl • HCl Sr#yfco 

Boc-L-Ile-OH • 1/2 H2O (24. 0 g, 100 mmol), H-D-Pro-OBzl • HCl (19. 3 g, 8 
0 mmol) RtJ^HOBt • HjO (15.3 g, 100 mmol) ©DMF (200 ml) ^(HjilCJ^Tt? 
DCC (8.3 g, 30 mmol) IkV-Y)) ^'J'J^T (3.5 ml, 25 mmol) t:iPx.fc:„ 8 

> wmi^yjy''y=^''y')iJ^f^^'^'^\^'7y^— (4x30 cm, i%7<^y-/v 

/ ^xixiar^fvK) -e)ltML. ^ft;l^<^^|B>^b'g•ife» (21.5 g, 51 mmol. W 72«) 

^#ybo TLC: Rf = (CHCl, / MeOH = 9/1) 

%%m 2 4 . Boc-D-Tyr (Me) -L-Ile-I>-Pro-OBzl <0^^ 

Boc-L-Ile-D-Pro-OBzl (21. 5 g, 51.4 mmol) ^Ir TFA (50 ml) iC^^llb^ tK?^ 
Tl^Mi^Lfcio aE&J^7^TFA^#*b. i^T$l;j^L. H-L-Ile-D-Pro-OB 
zl 'TFA S:#;fco Cltl/SrDMF (100 ml) XzM^^^. Boc-D-Tyr (Me) -OH (16.7 g 
, 56. 5 mmol) ^APx.. J^V>T^?&T HBTU (29.4 g, 77 mmol), HOBt • H^O (7.8 
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7 g, 51 nmol) RXJ^h V =^'f-/^T K'y (25.2 ml, 180 mmol) ^M^^ S^WSI 

*-A:|^«^JSr79yVa.i/j;:*'J^/V:^n-r b;/97>f- (4X30 cm, 1%;^^^ — 
I ^ D p ;iJ>7Vix) y*—h>-i$^<r>1^%\^'^iSQ (22.0 g, 37 mmol, itK 

^ 72%) ^#fCo TLC: Rf = (CHCl, / MeOH = 9/1) 
HWJ 2 5 . Boc-L-Ab6-0Tmse ©-g-^ 
Boc-L-Ab6-0H (620 mg, 2. 0 mmol) h P 7^ ^/Wv- P J '-/V(0. 572 ml, 

4,0 mmol) i:^DCM (6 ml) tti-C 4-5^^ f^/^T ^ ^ y ^^i^ (24.4 mg, 0.2 mm 

oi) #^i£T6^fsm#Lyfc„ KfS^s^rSiit^N mn.3^'f'Mzm'm\^. mi^:^v 

mj^mncy'7y''y=*.*y'ilJ^f^^'^^v^'7y (4X30 cm 

. 10% W^^f-}^ / ^'^'9->') -^JltiaUx ?ft3yv(0^|&fb'^ij& (820 mg, 1.62 m 
mol, JlK^ 81%) ^#fCo TLC: Rf = 0.97 (CHCI3 / MeOH = 9/1) 
HJfe^J 2 6 . Boc-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0Tmse (^-g-^ 

Boc-l>-Tyr(Me)-L-Ile-D-Pro-OBzl (1.01 g, 1.70 mmol) Sr^^^— ;V (20 ml 
) \mm\^. 5% Pd-C (ISO mg) #^T^M3l7C^^TofCo 8^^^. Pd-CMiK 
ilr^Siab. ^J^^g^^S*^^ Boc-D-Tyr (Me) -L-Ile-I>-Pro-OHS:#yj:o 

Boc-L-Ab6-0Tmse (1.51 g, 3.0 mmol) ^ TFA (5 ml) (Jl^^U ^?&T30^ 
TOSUfCo ^l&!^7^K«^^*L. ^JETI^ljliU, H-L-Am6-0T^se • TFA 
Sr#fCo ;itvSrDMF (3.5 ml) l:i^«?$iir. *?&T-e 4 ^fijUfc Boc-D-Tyr (Me) - 
L-Ile-D-Pro-OH (819 mg, 1.62 mmol), HATU (776 mg, 2.0 mmol) RtJ^hy^z 
^jvr^^y (0.24 ml. 1.7 mmol) !Sr*P^> 3^raSS9^Lfeo ^?RSrS<g#> 
g^^a;^/i.(c^^L^ I0%^'3^:^^;d<^. 4%^^7fc^-:^ h y AtK^^U^IS 

(4X30 cm. J ^fV / ^ nxiH^^A^K) 
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mmit^m (888 mg, 1.09 mmol, 64%) ^#fco TLC: Rf = (CH 

Clj / MeOH = 9/1) 

MMM 2 7 . Boc-L-Ab7-D-TyT (Me) -L-Ile-D-Pro-OBzl (O^^ 
Boc-D-Tyr(Me)-L-Ile-I>-Pro-OBzl (1.19 g, 2.0 mmol) TFA (5 ml) \::^M 

(Me)-L-Ile-D-Pro-OBzl • TFA Sr#fc, rtb^DMF (4.0 ml) K^M^"^^ Boc- 
L-Ab7-0H (652 mg, 2.0 mmol) ^UW^s J^V^T*?&THBTU (1.14 g. 3.0 mmol) 
, HOBt • HjO. (306 mg, 2. 0 mmol) RX^ h V :^^)Vr X V (1. 4 ml, 10 mmol) 

4%^^7K^-^-bi;!?A7K^^lt;tafPl^ig7K-C)IK;?C?5fe^bfc, MgSO^TfS 
'm^. y^-Msi^m^7yiyi^::^->V^yji^^vi-^h^7 7>f- (4X30 
cm, 2%;^^y-jU / ^viu:^/]^A) vm^U A^^©|g|B^b-g^ (1.51 

g, 1. 89 mmol, IR^ 94*) ^%ito HPLC ^Wf^^. 9. 15 min. 
MMm 2 8 . Boc-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-OBzl (D^^ 
Boc-IMyr(Me)-L-Ile-D-Pro-OBzl (1. 19 g, 2.0 mmol) <Sr TFA (5 ml) 

u ^^rso^mnmv-^o s;sji^T^TFA«:i?*L. mmr^mu h-d-tyt 

(Me)-L-Ile-D-Pro-OBzl • TFA^#y5:o DMF (4.0 ml) Boc-L- 

Ab8-0H (676 mg, 2.0 mmol) t:*Px.s J^V>T?!lC?&THBTU (1.14 g, 3.0 mmol), 
HOBt • HjG (306 mg, 2. 0 mmol) RX^ h U Ji^/VT § (1.4 ml, 10 mmol) Sr*P 

^> yji—J^^V^m^^yiy-yz^u-yV^^^V^n^rh^y^^f— (4X30 cm 

, 2%;^^y-/l^/ ^tiu^./VA) -^mmU :7:i—Aiik<Dm^&it^m (1.44 g, 

1. 76 mmol, HX^ 88%) <lr#;to HPLC ^^^ffi^ 10. 9 min. 
MMM 2 9 . Boc-L-Ab9-I>-Tyr (Me) -L-Ile-D-Pro-OBzl (O^^ 

Boc-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1. 19 g, 2.0 mmol) ^ TFA (5 ml) \Z^M 
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(Me)-L-Ile-I>-Pro-OBzl • TFA ^#/Co m^lrDMF (4.0 ml) \Z^M^'ts Boc- 
L-Ab9-0H (775 mg, 2.2 nmol) ^Mx.^ j^V^T?lk?&THBTU (1.14 g, 3.0 mmol) 
, HOBt • HjO (306 mg, 2. 0 mmol) h V 3i^;VT ^ ^^(1. 4 ml, 10 mmol) Sr 

f^m. 7*-J^^m^y7yi^=^i^ViJ^/l^^^'^h^y7^- (4X30 
cm, 2X^^/-/V/ ^X2n^?UJ>.) -C#IMU 7 :i—J>>^(OmW.it-B^ (1.31 
g, 1. 58 mmol, W 79X) ^^Ito HPLC 11. 7min. 

HJSM 3 0 . H-D-Tyr (Me) -L-Ile-D-Pro-L-Ab6-0H • TFA (O^^ 
Boc-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0Tmse (888 mg, 1. 11 mmol) ^J^^/— /V 
(10 ml) K^Mhs ^?&Tt?3 5)-#JLfc 1 N NaOH^K^ (1.32 ml, 1.33 mmol 

mRX^$miitM7^-Vm^^^\^tCo lUgSO.Vn.^^. Boc-D-Tyr(Me)-L-I 
le-D-Pro-L-Ab6-0H ClttSr TFA (5 ml) \mmU ^^TZO^mnWi 

Vfto RJtM^^^^. mET^^U mii)ii(Dm^ih^m (778 mg, 1.07 mmol, 

JiX^ 96%) ^mito 

MMM 3 1 . H-L-Ab7-D-Tyr (Me)-L-Ile-D-Pro-OH • TFA (D^^ 
Boo- L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0Bzl (1. 51 g, 1.89 mmol) ^y^^/^JV 
(5 ml) \mMU 5% Pd-C (150 mg) #^teTM^®7C^fTofCo 5 ^^^s Pd- 
cmm^m^U ^iS^SrH^m. Boc-L-Ab7-I>-Tyr(Me)-L-Ile-D-Pro-0HSr#fc 
„ ;itbSr TFA (5 ml) imMU 7lC?&T 30 ^^WifcE bfc„ ^SKSr®*^. U 
Brni^U m^Oi^W.it^<^ (1.15mg, 1.84mmol, IR^ 97«) Sr^l^o 
HiS^^J 3 2 . H-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-OH • TFA (D^^ 

Boc-L-Ab8-I>-TyT(Me)-L-Ile-D-Pro-0Bzl (1.44 g, 1.76 mmol) ^j^^/^/l^ 
(5 ml) iZL^Ml-s 5% Pd-C (150 mg) #j5ETgl®jl5cSrff ofc„ 5 f^M^, Pd-C 
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t*iE^S:i8aiL. R^m^^^^. Boc-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-OH Sr#yc 
o wtvSr TFA (5 ml) IC^^L^ ^!K?&T 30 5^WJJc® UfCo RJtM^m^'^. m 
mm^L, m^<omW.it^l^ (l.lBmg, 1.84nimol. IR^ 97%) S:#fCo 
MMm 3 3 . H-L-Ab9-I>-Tyr (Me) -L-Ile-D-Pro-OH • TFA <D^^ 

Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-OBzl (1.31 g, l.SSmmol) /V 
(2 ml) \Z^mU 5% Pd-C (150 mg) «T^fi43g7cSrfTofc„ 12 mm^. Pd- 
CftfeiESrJijgUx Boc-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H 
, TFA (5 ml) immU 7iC?&T30^WJfegLfc, ^jE&M^@*m> 

-r/v/ (i:io) ^M^xmitu mEr^m^\z.i^iis,it^ o 

05 mg, 1. 42 mmol, JR^ 90%) Sr#:/fco 

^iS^J 3 4 . Cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (O-^j^ 

H-D-Tyr(Me)-L-Ile-D-Pro-L-Ab6-0H'TFA (778 mg, 1.07 mmol), HATU (616 m 
g, 1.62 mmol) RXJ^ DIEA (0.75 ml) t:5^mVX 30 ^\ZL DMF (110 ml) iZ. 

Mtx. m^tRjt^^n^fco 2mm'^w-m^m^i^xBm^mm^i'Mm^ . 

10% i^:i^ym. 4% NaHCO,. *5 J;05^:^T?i5fcV\ MgSO^ X^mVlto RltM^ 

mmks mm^^f'Mmmu 10%^ ay^^, 4%mmim'rhv^j>>7i<.m 

yi/3.i^J):*y/l':J'iaN' h:/77W— (4X30 cm, l%pi^/— / ^^l3:j^/^ 
-fc.) "Ci^ML. M^Jffi^^ife 146 mg (23%) ;Jr#fco HPLC ^it^rf9^ 9.06 min., 
HRMS (FAB, dithiodiethanol), 579.2197 [M+H], C^^^fi^^^r (579.2182). 

^fc. :l<D^ Ab6 (Omm^ Br (Jlg^UTi^^bfc HOAt adduct ^^tm 
Jf^T" h^^T'^K^ cyclo (-L-A(0At)6-I>-Tyr (Me) -L-Ile-D-Pro-) 167 mg (27%) 

Ai; LT#:fco HPLC -^if ^r^^ 8. 16 min., HRMS (FAB, dithiodiethan 
ol), 635.3312 [M+H], CsjHijOeNe (635. 3306) . 
%MM 3 5 . Cyclo (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-) ® -g-j^ 
H-L-Ab7-D-Tyr(Me)-L-Ile-D-Pro-0H» TFA (1. 15 g, 1.84 mmol), HATU (1.05 
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g, 2.76 mmol) DIM (1.28 ml) ^ 5 ^fi] UT 30 ^^(C DMF (180 ml) \Z 
MpLX. ^^kS^^frofeo ±fcl^^(;:MSilLT 700 mg (64%) 
1^0 HPLC ^^^^^ 9.90miiu, HRMS (FAB, dithiodiethanol), 593.2300 [M+H 
], CJlJi^i^T (593.2339). 

mj^mse. Cyolo(-L-Ab8-D-TyT(Me)-L-Ile-D-Pro-) 

H-L-Ab8-D-Tyr(Me)-L-Ile-D-Pro-0H'TFA (512 ng, 0.80 mmol), HATU (455 m 
g, 1.20 mmol) RXJ^ DIEA (0.56 ml) ^5^mLX3 0^\Z DMF (80 ml) {31 

7^— (4X30 cm, IJipt^/'— 7V / ^uun^/VM,) "eJ^igiU 267 mg (55%) (D 
7:*— ASr#fc„ HPLC fii^^Mx 9.95 min. , HRMS (FAB, dithiodiethanol), 6 
07.2501 [M+H], C29H4405N4™Br (607.2495). 
mMM 3 7 . Cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (D^^ 

H-L-Ab9-D-Tyr(Me)-L-Ile-D-Pro-0H-TFA (905 mg, 1.41 mmol), HATU (833 m 
g, 2.12 mmol) RX^ DIEA (0.64 ml) ^S^MVX 30 DMF (150 ml) K 

(4X30 cm, \%:^^ / ^ nxi:ts/VJ>.) "O^glU 533 mg (61%) (D 

A$r#fc, HPLCl^jff^^^ 10. 9 min., HRMS (FAB, dithiodiethanol), 6 
21.2625 [M+H], CjoH^OsN^^Br (621.2652). 

3 8 . Cyclo (-L-Am6 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <0^^ 
cyclo (-L-Ab6-D-Tyr (Me) -L-Ile-D-Pro-) (146 mg, 0.252 mmol) O DMF (0.5 
ml) m^\Z.'^':^m:fJ )) t7 (57.6mg, 0.504 mmol) S:AP;t"C 3 1^^®^$* 
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j^^X/V^^iUMSlUT 114 ng (79%) <^)?ft:|^i^Sr#fc„ HPLC ^^W. 9.06 mi 
n., HRMS (FAB, dithiodiethanol), 575.2879 M], Ca^jOgN^S (575.2903). 
MMM 3 9 . Cyclo (-L-Am7 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) <D^^ 

cyclo(-L-Ab7-D-Tyr(MB)-L-Ile-D-Pro-) (133 ng, 0.226 mmol) <D DMF (0.5 
ml) m^K ^:tmWt:^V t^J>s (52 mg, 0.452 mmol) ^M^X 3 ^IfflKi^^^* 

X 118 mg (89%) (Dm'!ik^i:^fCo HPLC 9. 90 min. , HRMS (FAB, dit 

hiodiethanol), 589.3605 [M+H], CS0H45O6N4S (589.3060). 

MMM 4 0 . Cyclo (-L-AmS (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D^^ 

cyclo (-L-Ab8-D-Tyr (Me) -L-Ile-D-Pro-) (267 mg, 0.439 mmol) © DMF (1 ml 
) i^:tm^:^V^J>> (100 mg, 0.878 mmol) trM^X 3 l^^^^-^fe 

222 mg (84%) (DmV^i^tr^fto HPLC ^^^^^ 9. 95 min. , HRMS (FAB, dithio 
diethanol), 603.3244 [M+H], CsiHivOAS (603.3216). 

4 1 . Cyclo (-L-Am9 (Ac) -D-Tyr (Me) -L-Ile-D-Pro-) (D^^ 
cyclo (-L-Ab9-D-Tyr (Me) -L-Ile-D-Pro-) (250 mg, 0.402 mmol) ©DMF (0.5 

ml) ^\Z.^:t^m:i^ V J>> (91.4 mg, 0.804 nmol)^;(inx-C 3 

T190 mg (77%) (Df^i^^^^fto HPLC <l^it^Ffl> 10.9 min., HRMS (FAB, dit 
hiodiethanol), 617.3364 [M+H], CM^^^S (617.3373). 

||J£iflj4 2. Cyclo (-L-Am6(-) -D-Tyr (Me) -L-Ile-D-Pro-) SS dimer (SCOP 30 

2) (D^^ 
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cyclo(-L-Am6(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (114 mg, 0. 198 nnnol) <r>:^^J 
(0.5 ml) mSL\Z.:^^ J-f^ry==^^r do eq.) i^f^ffi$^-CTi?^/V' 
S^-fil^^Lfco DMF (2 ml) (C^d>L. 1 M I, (o^^/wV/) 0.2 ml 

Sr*B;tri^<k«rffofeo ^fe^bfe SS dimerSr Sephadex LH-20 (DMF) 
-eM3i[UfCo 7KSraBx.r e-feil&p^t X^XWt^ 4X4 82 mg (78%)o HPLC #^^1^ 
ll.Smin., HRMS (FAB, dithiodiethanol), 1063.5391 [M+H], CB4H„0,oNgSa 
(1063. 5361). 

Ilifi^«|4 3. Cyolo(-L-Am7(-)-D-Tyr(Me)-L-Ile-D-Pro-) SS dimer (SCOP 304 

) <o^^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (118 mg, 0.201 mmol) (D:^^J 
(0.5 ml) ^(Cp<i5^y-/VttT^^^^r^f^ffi$-1i-T7'-fe^7VS^^5feU 
> 1 M (ji^J'/wv) ^M7LX^:^fvy^ Ky/vS^^-fkU J^MLT SS 
dimmer Srfifel^Tfei: LT#:fce IRS 98 mg (89%) „ HPLC 12.3 min., 

HRMS (FAB, dithiodiethanol), 1091.5684 ^s^jsf^i^^z (1091.5674). 

IIJ6#a4 4. Cycle (-L-Am8(-)-D-Tyr (Me) -L-Ile-I>-Pro-) SS dimer (SCOP 30 
6) <0^^ 

cyclo(-L-Am8(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (222 mg, 0. 368 mmol) (0:^^J 

-/V (0.5 ml) mk\z.:f^^ j-)y^'&trv^z^r^'(^m^^xT-^^)v-^^w^\^ 

. 1 M I2 (3c^y-/v) ^nxx^:^f\^y >{ Ky/V-SSr^^kU i^iiLTSS 
dimer <Sr&^|^*t LT#fc:o 167 mg (81%) „ HPLC ^^^ffi, 13.0 min., 
HRMS (FAB, dithiodiethanol), 1119.5961 [M+H], CjsHbbOioNsSj (1119. 5987) . 
^Jfe^J4 5. Cyclo(-L-Am9 (-)-D-TyT (Me) -L-Ile-I>-Pro-) SS dimer (SCOP 30 
8) <D^WL 

cyclo(-L-Am9(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (95 mg, 0. 154 mmol) (O/^^J 

(0. 5 ml) mm^:^ ^ / -/i^ry^^T^j^m ^txT±^/^^m^m* t 
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dimer ^^'^i^^t VXntCo I|5l» 84 mg (98%) o HPLC 14.2 min., 

HRMS (FAB, dithiodiethanol), 1147.6307 [M+H], CeoHjAASa (1147. 6300). 
1116^314 6. Cyclo(-L-Ani7(SMEt)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 404) O-g-^ 

cyclo(-L-Am7(Ac)-I>-Tyr(Me)-L-Ile-D-Pro-) (270 mg, 0.45 nmol) <0 DW (0 
.5 ml) ^fcpi^y-zHSri^^^T (10 eq.) iSrf^ffi§*Tr-fe^/vSSrK^ 

*U T>-^:=T*||*^. 2-p</V;i&yh3C^y-/l. (10 eq.) ^Mk.. 1 M 
(j^^y— /V) 0.2 ml tr*D;tTife'fb*^Tofc„ ±^l.it SS hybrid^ Sephade 

X LH-20 (DMF) ;<;9A-e3ft«u w^nmmr'\ mnit'^fi^oii^mMthx 

n-ko ilXS 30 mg (11 X)„ HPLC ^^ISs 8. 9 min. . HRMS (FAB, dithiodieth 
anol), 622.2877 [M], CsoH^sOeN^Sa (622. 2859) . 

MMm4 7. Cyclo(-L-Am7(S2Py)-D-Tyr(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 401) <D^^ 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (40 mg, 0.07 mmol) O DMF (1 
ml) ^\Z.2,2'-i^i^:t\fVi^y (31 mg, 0.14 mmol) XT/;^ ^ / 

=r (10 eq.) i:M^s smmmwvft, RftM^mmm. ig^^m^^-^u:^ 

'>'^)tl^jV^Xx-^y^y-7 (4X30 cm, 1 ^pp^Jn/VA) 
JffiMb. #|E'fk'a-1^^#;fco 4Jl* 15 mg (38%)o HPLC fi^jfl^K. 9.6 min., HR 
MS (FAB, dithiodiethanol), 656.2952 [M+H], Q^{i^^^ (656.2940). 
^il^j4 8. Cyclo(-L-Am7(S4Py)-D-TyT(Me)-L-Ile-D-Pro-) (SS hybrid : SC 
OP 402) O-g-fife 

cyclo(-L-Am7(Ac)-D-Tyr(Me)-L-Ile-D-Pro-) (100 mg, 0. 17 mmol) ©DMF (1 

ml) ^^\7L4,^-\>^ir\f))^J> (75 mg, 0.34 mmol) jg.t)«^ iJ' y — /H4T>' 

(20 eq.) ^jp^, si^TO^Lfco u^-^wm. n^mQ^yyy^y 

cLi^))ti^J'V^n^V^jy>('- (4X30 cm, 1 %^^J^;V/ ^nojI^/i^A) 
-ei^ML, m^WAt^^^%1to HZ* 13 mg (13%) o HPLC -fl^^t^^x 6.5 min., H 
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RMS (FAB, dithiodiethanol), 656.2934 [M+H], C3JH45O5N5S2 (656.2940). 
MMm4 9. Cyclo(-L-Am7(SEll)-D-Tyr(Me)-L-Ile-D-I>ro-) (SS hybrid : SC 
OP 403)<^-g-fiK 

5,5'-i>f':t\f:^(2-::^hr3^^l^m (515 mg, 1.4 nunol) c^DMF (2.8 mL) 
^IC, ^^yP;^'f-/]^TXy (343 mg, 3.0 nmol), DCC (867 mg, 3.0 nmol) 
&U?HOBfHjO (214 mg, 1.4 mmol)*JP;t^ BltlS^Lfeo SlS^T^SJS:?^ 

^mmu mm^^'^Mz.mmu m^^i^^Ti^mm. 4%^m:^m'thv^j>>:^ 

*LfCo M^^^. 79 5'i^a5/'y;&'$^/W^i3-^h^7 7>f- (4X30 cm, 1% 
^Pa:^N/WA) -eMiSlU 5,5'-i^5^:^lf;^(2-=iMa-<-^>'Mi^ 
^f'/vr^ K) Sr#fCo 

cyclo(-L-Am7(Ac)-D-Tyr(ye)-L-Ile-D-Pro-) (130 mg, 0.22mmol) ©DMF (2 
ml) m^\Z 5, 5' If ;^ ( 2 h o i^^i?^ ^/VT 5 K) (198 mg, 0. 

44imnol) RV^;< ^ / -^]^T>^=^T (10 eq.) <SrJP;t. 6^W^#LfCo S 
^S:^K*^gili^^ ^^^(^DMFIz:^;^*^^ HPLC (column : YMC-Pack ODS-A 10X250 
mm) TmSHU. mBit-^^mCo ItKS 13 mg (9.3%)o HPLC 9.5 mi 

n., HRMS (FAB, dithiodiethanol), 771.3201 [M+H], CM^A^z (771.3210). 
^MmSO. Cycle (-L-Am7(SMe)-D-Tyr(Me)-L-Il©-D-Pro-) (SCOP405) ©-8-^ 

cycle (-L-Ab7-D-Tyr (Me) -L-Ile-D-Pro-) (118 mg, 0.2 mmel) © DMF (1 ml) 
^^\^ 4-methoxybenzylmercaptan (0.056 ml, 0. 4 mmol) ^^l^h V =^'^/^T 
%y (0.07 ml, 0.5 mmol) Sr*P;tT. ^M.-^ 2 f^m^f^^^tfCo ^Vtc eye 
lo (-L-Am7 (Mb) -D-Tyr (Me) -L-Ile-D-Pre-) trBWt^^Jl^'^i^m Llfc^pl 
/V (18 ml) Dimethyl (methyl thio) sulfonium tetrafluoroborate (0 
.9 mmol, 176 mg) m^X- 2 f^mRJt^^ttCo ^fiS^Sr^giJlU ^nx2:^/V 
AlC^^L. i^V:Jtjy/l^^Vf^h^7'7^— (2X25 cm, 2% 
PSj>/lxA) "C3fti!lU> S65i^Sr#fCo IR* 69 mg (65%) „ TLC Rf: 0.90 (CHClj 
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/ MeOH = 19 / Do HPLC ^^^P^. 12.28 min. HR-FAB+ MS: 593.2777 (calcd. 
: 592.2753, conposition: C29H440jN4Sa, matrix: 2, 2' -ditihidiethanoDo 

mmm s i . HDAcmmm.mm^<omm 
:!^mmmx*}t SCO? <oiiBAcmmmmmn.<Dm^^n^fco ^^^m^v-k. 

Sulfur-containing cyclic peptides (SCX)P)(Dfl|at©— 1 ~4 (^l^i^o X 
^©HDACPl^-efc5Bl5l::^1-J:5'&Cyl-l, Cyl-2 (Furumai et al. (2001 
) Proc. Natl. Acad. Sci. USA, 98, 87-92.) i^tcJJI^JI^t' h 9^7"^ K^jgC? 

5c^©Cyl-l, Cyl-2it^i^=i>7:t;^-->3yii^U>lLi^Vi^^i)K LDLDO 

o 

HDAc mm^^m^i:n 5 \^htc «? . 2k<^ii 9 HDAcm^^mm ui^o 1 0 

Ommy'W' ixVafCl X 1 0^^(^2 9 3 TlfflJjS^lr* 2 4^W^(Zlt h HDAC 
U 4*;fe:ft-ri>;^HDAC6^^^"t-5^^^- (l/xg) ^^LipofectAmine 2000 

reagent (Life Technologies, Inc. Gaithersburg, MD) SrHV^T h ^I^^^a 
iJ' 3 y Ufco 'iC^J^ ±m^h HDACl ^^^jJ' ^Jf-fipcDNAS-HDl (Ya 
ng, W. M. , Yao, Y. L , Sun, J. M. , Davie, J. R. & Seto. E. (1997) J. Bio 
1. Chem. 272, 28001-28007.) ^ t bHDAC 4^3^^^^— fip c DNA 3 . 

1 (+) -HD4 (Fischle, W., Emiliani, S., Hendzel, M. J., Nagase, T. , 

Nomura, N., Voelter, ff. & Verdin, E. (1999) J. Biol. Chem. 274, 11713-1 
1720.) , -^l^J^HDACeiim^^^—lip cDNA-mHDA2/HDAC 
6 (Verdel, A. & Khochbin, S. (1999) J. Biol. Chem. 274, 2440-2445. ) ^ 
^V>yto OPT I -MEMtt'T?5^W^^^-ilr]^«3ji^^^c^, Dulbecco'sm 
odified Eagle' s medium (DMEM) \Zl^M^^^hX 19 y^a^— h 

L^o JNflJ&^PBS X^oit^^ lysis buffer (5 OmM T r i s -HC 1 (p 
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H7. 5), 12 0mMNaCl, SmMEDTA, 0. 5%Nonide 
t P-4 0) tC^^U y^-Jr-Va yUfCo -h^^ji'b^^-gHJli Pro 
teinA/6 plus agarose beads (Santa Cruz Biotechnologies, Inc. ) ^^V^Tx 

±^\ai^ ant i-FLAG M2^{2|c (Signia-Aldril6h Inc.) i:M?Ls HD 
AC6i^3S^$-fryfcj^fl&±?tlCtta n t i -HA^^ (clone 3F10, Roche Mole 
cular Biochemicals) SriO^T 4t:T? 1 ^ffi^l^C^^^fco ^t\^Kr^vi>-':^\f>- 
XSr;&Px.T4'CT?l^KS;S:$itfc^, lysis buffer ■CT;yp—;^t'-Xi|r 3 
IiIJ!fcV\ HD buffer (2 0 mM Tr i s-H CI (pH8. 0), 15 0mM 
NaC 1, 1 0%:/y "feCJ— /V, a complete protease inhibitor cocktail (B 
oehringer Mannheim, Germany) ) "t?— Ullfeofco HD buffer (200/^1) 4* 
F L AG^Zf^ K ( 4 0 /i g ) (Sigma-Aldrich Inc. ) ^ititHA^-^i^ K ( 1 
0 0/ig) -T?4'C. lJ^m^y^^^-hhxr:ffn^:^\f—:^ib>^f^^htc^ 

LTHDAC^^|Ja^^i:UT^f>tl/-CV>5 hV ='^^^yA (TSA) 
fcttn^^bd-zK^TSA^iSTx ±EHDAC^i: ["H] -C^^HLlfeT-fe^ 

/Wbt>^ h^SS^Ig^^s 7VX1 5^m^ i^^^^- hi- ^:itvnofc (S 
0 0 M 1 ) o acSSr 1 0 M 1 ©HC 1 ^^nUTJhae). i^m^^S-etJO 

m^^l^hn-'M^m-f?>liDACm^<O5 0%m.^mMi riC50 (nM) J ) 
XmV± (^1~4) o 
t.fc. in vivo (D HDAC jJa^fgl^f* p21 yp^-i5'-f|^S&'i4^^t:g(J:j5l05i 
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317— ^©M-aTt-B^ (Dr. B. Vogelstaein) Sr^^ti^ft^bfcW-Cfc . 10 

7KS^ffi^Lfc^:/^3.^-^-Sr^V^TJ§*;&ffoyho r (Z> MFLL-9 ^IB 
l&^lr 85000 ^/well (^M^^-C 9 6 ^ xx zfv^ h icMSL. ^ well ^ 
fc 9 ±l3<^^«fi 99 /t 1 (ft?. 6 l^fS^H U^m^ 1 n 1 Sr^JP L 

Luc Lite (Packard BioScsience Coii«)any) SrffiV^. iBJi3l^{iI^3^bTV^5/^ 
Stl^ffili?^ Life. Stgfe'fb'g'ilij^^gttlfi^f* TSA J: 5|^:^Stti[<^ 50JSo^tSr 

7^-tm(D^B.{ TECSO (nM) J )^ffiV>TJt|iLfc (^1~4) „ 
X = H-efc5„ (DTT*#) 
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IC50 (nM) 




P21 :/D^— 






SCOP No. 


HDACl 


HDAC4 


HDAC6 


EC50 (nM) 


mm 




148 


81.4 


17.0 


> 500000 


6720 


Cyll(LDLL) 


C5 


149 


2.37 


5.22 


44300 


596 


Cyl2(LDLL) 


C5 


150 


2.10 


4.26 


5560 


504 


Cyl2(LDLD) 


C5 


151 


932 


7340 


28500 


> 100000 


CylKLDLD) 


C4 


152 


4.60 


2.06 


1400 


309 


Cyll(LDLD) 


C5 


153 


9,13 


91.0 


8050 


9850 


CylKLDLD) 


C6 


154 


38.1 


99.2 


2470 


31400 


CylKLDLD) 


C7 



^2 
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IC50 (nM) 




P21 T'o^-^ 


5r- 




SCOP No. 


HDACl 


HDAC4 


HDAC6 


EC50 (nM) 


mm ^ 


296 


763 


222 


> 500000 


7730 


Cyll(LDLL) 


C5 


298 


114 


33.7 


418000 


5800 


Cyl2(LDLL) 


C5 


300 


61.1 


36.2 


255000 


7370 


Cyl2(LDLD) 


C5 


302 


7200 


> 500000 


> 500000 


> 100000 


Cyll(LDLD) 


C4 


304 


142 


145 


> 500000 


341 


CylKLDLD) 


C5 


306 


153 


319 


1320000 


847100000 


CylKLDLD) 


C6 


308 


983 


505 


745000 


235000 


CylKLDLD) 


C7 



LDLL J; D ^ LDLD i^(0:^ifmfSiiX\ m^Vh^f-:t-/vm^'^(D^mmfk 

X = ^^^it^ (/^-r:/y 5x K) 
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rZ 1 


PR ^ All 










oUUr NO. 




LJr\A f^A 


nUAUb 


cUoO (nM) ff|]S 


401 


NT 


NT 


NT 


1360 152 -i-2-Pyridine 


402 


6.76 


68.3 


1610 


1310 152 + 4 -pyridine 


403 


21.5 


18.9 


6080 


1 800 152-1- BIman's reajent 


404 


217 


355 


201000 


1 36 0 1 52 -t- mercapt oet hanol 


405 


119 


405 


191 


3260 152 + methylmercaptane 


401 /DTT 


NT 


NT 


NT 


815 


402/ DTT 


0.553 


1.12 


2010 


470 


403/ DTT 


1.15 


1.53 


4730 


748 


404/ DTT 


2.44 


13.0 


15400 


754 










(NTli, x.^KLT 


scopi 5 2tm^^<[:^mt(DhYhiidi^vi>umm^^^ir^:iti^^^i^ 












/I/ (ISA) 










IC50 (nM) 


P21 :^D^— 


TSA 


HDACl 


HDAC4 


HDAC6 EC50 (nM) 


ISA 


19.2 


68.3 


27.2 445 
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4fef4^^^^/w-C«DTT*#T5^;^--/i'fr (x = H) ©^jz:iiiv>HDACPlWfi&14IB 

^5 





IC50 (nM) 




P21 :^p^-^- 


ei^^J HDAC1 


HDAC4 


HDAC6 


EC50 (nM) 


152 NT 


NT 


NT 


3510 



DTT *#TlJ:Jt^T. EC50 mii^:k^ < *ofc„ dtt 1^*© pH 

mMm 5 2 . « v^/w-c<^ HDAc mmm^om^ 

*^ *tr -fef-zHb V UT t X f :/or -fe^/Wb v^/i^;^ ^a^:^^ 

>xmmrr^^t\zx^n^-to th^'g'dSA/« (Heia) aticm 
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^t^^ Smm^mVtLo mmt:?BSX-m<itc^. lysls buffer (5 0mM Tr 
i s-HC 1 (pH7. 5) s 12 OmM Na C U 5mM EDTAs 0. 5 
% Non i de t P-4 0) lr|g®U y=^'!r-i^al>^LtL^ ±»«:^*55)-gf 
SDS buffer tiS-a-U lOO'C-e 5 ^^K^SUfcf-^^T'/l'^ 159SSDS 

AKL5C1 ^ 2 J9c^^*c : anti-r (LIFE SCIENCE) "Tftoa^ EC 

Kamersham Pharmacia biotech)feSU> T'fe^/Wb^^^' K<0^tti^ff o^t 

SCP0©glJia#'(4-7^J^ bSrt M^jE^JSeife (TIG-3) . fc h^WdSA/JNBiia (HeU 
) ^rffiV^Ttrofco TIG-3 HeLa MS^^ mFBS ^mMVft DMEM ^ 

Xt^mt:noito TIG-3 « 30000 i@/well, HeLa « 10000 ^/well ©jKBlS^B^ 

X9 6:A:-7-ri5^nyi/-McML, #well ^fc 100/i 1 tp-t? 18 

# well (D±m 30 u 1 iSrgiJ© 9 6 Jt-^-f a ^ V- h {c^ b (A) , tc±m^ 
^V>/Co ^^(J:> 0. 59STriton-X / PBS ^ IOOa* 1 ^IPtT. mS^trmM^'t, $ 

lcsu©9 e^Acw^'o:/^— M;:30;tiTo3^Ufc(B)„ r*Lb©9 6:A:-^-f 

O y V— h A, B well {C: LDH-Cytotoxlc Test (Wako) (D^W^^^ 30 1 -f 
oAti. Mfe^>^$-tirfCo -h^s&MfeSJtSdSilA/ff S^&^Jh^eo^l SriP 
;l"rM^Sl&S:#Jk$*:feo 0D560 nm ©51^51^ ^-r^f la:/ MJ 
Softaax) Xm^hft^ 5tilLDH bT[A/(A+B)]Sr^«>:feo Pl^Sftt^^ jSHI 
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mmm^(om (iE^«LD5o / i^A/^ia ld5o) i^/^mmmsim^ 

me 



LD50(nM) ;b^^$ISBg]l^fi«l 





HeU 


TlG-3 « 




TSA 


41.4 


1580 


38.2 


SCOP 152 


370 


6780 


18.3 


SCOP 304 


151 


3471 


23.0 


SCOP 402 


1170 


13300 


11.4 


SCOP 405 


179 


7900 


44.1 


SCOP 304/DTT 


47.1 


1190 


25.2 


SCOP 402/DTT 


161 


4460 


27.8 



SCOP 152. SCOP 304 Rt; SCOP 402 <OJliL^tt''e<^^3£'|4©fF#«£tT®;^j5fe"e 
noito FCS99fil ifUZlSCOP 152 SCOP 304 (10 mM), SCOP 402 (10 nM) ^ 

, y(y^a.^-hi^mo<om^t:iQQ%t\.xmB^itmi^ft mi) „ 

m 7 \z^irm V . jfa-fS^-e scop 304 J: v scop 402 scop 152 J; 9 

m^M\z.^^^^nx^ 5 t $ixfc, ;i tuft 5";t-/V'S«^ i 
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\Lti. t h^&;5SA/jSBlJa (HeU) lOJSFBS Srt^U;fcDMEM**Srm\ 37t:. 

r ©«ilr 15000 m/mL OBM^SLX* 6 lA:^ l^- b 2 ml 18 mm^^ 

hfc^^ ^mit^^l^B^^^TSA^ SCOP152*5iU?SC0P304«20O nM. SC0P402 
lAiMlc:?5JS«J:5»U Bl^U^m'^mmi^mvito M^PBS-e^fcoytm. 1 
ysis buffer (SOmM Tris-HCl (pH7. 5) > 120inM NaCl^ 5inM EDTA^ 0. 5% Nonid 
et P-40) {z:SSI?SL. y:^'ir-''ya>LfCo ±mt:^'b'^m\^^*>M^. SDS buf 

i?-)^ 2 5?C^flc : anti-^!>J?^(LIFE SCIENCE) -e^ta^ECLCamersham pharmacia 

biotech) iim T-fe^/Wb^^ Ko^lttl Sr^To :fco 

AC6 tria^-rs t mmm^-D^t^^mm-a^^x. hn?)o :^^m(Dit^m\^ 

\t HDAC6 Pl^f^ffi dS^^JeiP < . TSA iZlJfe V>1^ ^ 5 - d> f, ^> 

±^oa«5. ^KHS^^-fb-g-^^J^^ HDACi. 4{;:>E!rUTil^6«){c3Sv>|Ja|ISi4^ 
^-to ^oT. :z|5:|§5go^b-a'4lbtt> HDAC. tiJtJits HDACI, 4tJlil4-UTV>5 
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l^fp. R,i, R^i, R,,, fiii\'i^*i^fm^hX:^m-^tc}iijt'f/i^m^^i-c R22, 

mwi 1^5 (D^mr/i^^uym. mmwL i~6 (o^^m^^-rhm^mmw i~5 
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6 . if ^« 1 |B^(Z)>fb^i^^^^^^^ UT^>^i-5. d5A/^^^m 

9. -m^ (2) 

/ V^Hal 

Ij/n (2) 
Pi-NRii-'''^COOH 

n tt-ZK^ (1) "C^aLfci:ll^•efeD^ Hal ft^^l^i^^. ^^M^ 
SSr^l-) T'^^ti/S^b-a^Sr. (3) 

R22 R23 R32 R33 R42 R43 

\/ \/ \/ (3) 

H N R21^'''^ CONR3i^^''^ CON R41 -^^^ COO P2 

i^^. R„, Rji, Rj2, Rj3. Rs„ R32, Rss. R41. R«. &lJ^R4s«> (D 
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' Hsi 

R22 R23 Rs2 R33 R42 R43 

» y i? 

Pi-NRii*''^^^CONR2i'^'^^CONR3i^'^^CONR4i^'^^COOP2 

(4) 

(^tf'^ n, Rji, R21, Rffl* ^239 Rsi* '^a* ^33* ^41* ^42> ^4s» ^2* Hal fi 

) 

R43 
R42. / P 



R32 „ . _ 

'R22 

R23 (5) 

(sSi^'x n, Rjj, R2i> R22» R31, R32> R^s* R42> R4Sf Pp Pa» StJ^Hal \i 

) 

R22 R23 R32 R33 R42 R43 



y y; 



(6) 

Pi-NR2i'^ "^CONRsi^ ^C0NR4i'^ ^COOH 

{^^, Ra,. Ra, Rjs, R31, R32, R,5, R4,. R42. R«. ^^^1 l5IB"e^aUfc 
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